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Rhizosphere and microorganisms can play a central role in the weathering of clay minerals. Rhizospheric and
bacterial studies to understand the weathering of clay minerals, however, are still lacking. Most previous
studies have been carried out on industrial or geologic minerals. Therefore, the main objective of the present
study was to compare the transformation of palygorskite found in sedimentary rocks with palygorskite from
soils. Mineral transformations were induced by silicate solubilizing bacteria and the sorghum rhizosphere.
The plant extractable Mg as a criterion of the ability of plants to extract Mg from these minerals was also con-
sidered. A pot experiment was conducted. The growth medium was a mixture of quartz sand as filling mate-
rial, sedimentary or soil palygorskite and silicate solubilizing bacteria. After 100 days from cultivation, plants
were harvested and their Mg uptake was measured by an inductively coupled plasma atomic emission spec-
troscopy instrument following dry ash extraction. The X-ray diffraction analyses illustrated that sedimentary
palygorskite weathered almost completely in plant and/or silicate solubilizing bacteria treatments. Soil paly-
gorskite however, did not weather to a detectable extent. The Mg content extracted by the sorghum was sig-
nificantly greater for sedimentary palygorskite than the soil derived mineral. Root and silicate solubilizing
bacterial activities appear to have increased rhizosphere acidity which, in turn, resulted in the release of
structural Mg from mineral lattice. Higher Mg release and uptake and complete weathering of sedimentary
palygorskite, could indicate a higher weatherability of this source. The higher disequilibrium between the
geologic and pedogenic environments increases the weatherability of geological minerals. Studies under
the soil conditions could therefore be helpful to understand the weathering and management of soils with
dominant palygorskite.
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1. Introduction

Palygorskite and sepiolite are clay minerals found specifically in
arid regions and form the group of fibrous clay minerals. The structure
of palygorskite was first proposed by Bradley (1940), who described a
theoretical formula of [Si8Mg5O20(OH)2] (H2O)4.4H2O. Fibrous clay
minerals have been found to be widespread in late Cenozoic sedi-
ments of arid and semi-arid regions of Iran. Three ideal conditions
for palygorskite formation in soils and sediments of central Iran are:
(1) an increase in the Mg/Ca ratio due to gypsum crystallization in
the shallow water bodies; (2) neutral or alkaline pH due to warm cli-
mate; and (3) increasing soluble Si due to enriched hydrothermal
solutions (Khademi and Mermut, 1998).
Until now, few studies have investigated the origin and the environ-
mental conditions for the stability of these clays (e.g. Akbulut and Kadir,
2003; Bigham et al., 1980; Bouza et al., 2007; Daoudi, 2004; Torres-Ruiz
et al., 1994). Little research has so far been done to understand the
role of plant roots and the associated microorganisms in rhizosphere
soils on the transformation and dissolution of palygorskite (Khademi
and Arocena, 2008).

The percentage of palygorskite in soils is related to the gypsum
content and the ratio of mean annual precipitation to mean annual
reference crop evapotranspiration (P/ET°) (Khormali and Abtahi, 2003).
Palygorskite and sepiolite are generally believed to weather to other
silicate clays, such as smectites may dissolve out of the soil profile
whenmean annual precipitation exceeds 300 mm(Neaman and Singer,
2004; Singer and Norrish, 1974).

The rhizosphere, defined as the volume of soil influenced by root
activity, differs in many aspects from the bulk soil due to root uptake
of water and nutrients and to root exudates, root respiration and
higher microbial activities. Evidence of the profound chemical changes
that occur in the rhizosphere has been reviewed by several authors in
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